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PHYSICS.—Some mechanical properties of moist granular solids.‘ 
P. G. Nuttina, U.S. Geological Survey. 


The striking mechanical properties of moldings and and of certain 
silts, clays and soils containing various amounts of water are well 
known and have long been a source of utility and interest. Compacted 
molding sand retains its form and dimensions under rather severe 
mechanical and heat treatment. Wet silts and clays dry out leaving a 
rather hard cake but coarser sands do not unless they contain at least a 
small fraction of the finer material. The finer clays not only cake on 
Arying but with considerable shrinkage, reversible with the moisture 
content. The problem under consideration is the underlying cause 
of these peculiar properties of granular solids. 

Such properties have been attributed to a colloidal fraction possess- 
ing unique properties and composition. When separated from the 
mass, however, usually by churning and settling in water, these 
“colloids’’ were found not to differ greatly in composition from the 
coarser particles with which they were associated.? In other words, 
the “colloids” are nothing but extremely fine particles of the same 
material—silica and silicates in the case of silt and clay. The question 
might easily be settled by direct observation but for the fact that 
colloidal properties begin to be shown by particles just too fine to be 
observable (in detail) with a microscope, namely at diameters just 
less than the length of a light wave (4 micron). Particles about 
5 xX 10-* centimeters in diameter exhibit the most striking colloidal 
properties. This is about 100 molecular diameters and roughly ;}5 
the limit of the microscope. 

1 Published by permission of the Director, U. 8. Geological Survey. Received 
March 1, 1927. 

* U.S. Bureau of Soils, Bull. 1193, 1811, and 1452. A.V. BLern1ncER, 2nd Colloid 
Symposium Monograph: 90. 
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The physical problem is that of finding the mechanical effect of a 
varying moisture content on an aggregate of solid mineral particles of 
a given size and size range and of a given shape. Surface tension, 
vapor tension, atmospheric pressure and internal (adsorption) pressure 
are the forces involved in causing the observed cohesion and resistance 
to deformation. 

It is well known that silica, alumina, most silicates and many metals 
absorb a film of water from 50 to 100 or more molecules deep under 
ordinary atmospheric conditions and part with it with great reluctance 
when desiccated or heated. This film represents 20 to 25 per cent by 
weight in finely divided or porous materials such as bentonite or silica 


gel and about 1 pes even in ordinary sand. 100 molecules of 
water, at 4 x 10-8 genkimeter. is 4 x 10-* centimeters in film thick- 
molecule 


ness. The adsorptive force between the silica and the water in contact 
with it is about 17000 atmospheres and decreases almost linearly with 
the depth of the film. The depth of the adsorbed film represents 
equilibrium between external fluid or vapor pressure and internal ad- 
sorption pressure. 

When the quartz grains are in contact, their adsorbed water films 
would be expected to merge out to where the separation is at least twice 
the depth of film, or say 8 x 10-* centimeters. If contact is over 
an area A having a mean diameter 2r, then the edge of the film would 
be pulled outward with a (negative) pressure of about 18 atmospheres. 
The two grains in contact would therefore be drawn together with a 
pressure of that magnitude or a force of 18A x 10° dynes. If the 
contact averaged say 0.01 mm. across, then the force would be 18 
dynes or about 0.018 gram weight. 

Thus, in an aggregate of particles, the cohesive pressure may mount 
to a respectable figure, depending largely upon the size and shape of 
the grains. The so-called adsorption of solids by solids may be in 
many cases merely the result of intervening films of adsorbed water. 
Any one who has sought to free coarse sand grains from others below 
300 mesh, knows how difficult it is without resort to water immersion. 
This destroys the tension and restores the adsorbed film to its maxi- 
mum thickness. A more detailed theoretical treatment of the practi- 
cal problem dealing with irregular grains would lead at once to complex 
probability functions. It may be noted however that the cohesional 
force increases with the amount of water present up to a maximum 
and then falls off to zero with complete wetting. Footprints are not 
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made in sand or silt either dry or under water but in material partly 
dry. 

The simple problem of wetted solid spheres in contact is easily 
treated and throws light on some mechanical effects. Let spheres of 
radius R be in contact and let the contact region be filled with water 
to a distance r from the axis of contact. Let 

Sing = p 

The radial tension on the water film is 27Cosé x 0.277 where is surface 
tension. The area over which this acts is 4ar(R — R Cosé), hence 
the radial tension (force per unit area) is 

P= F _ +r, Coso (1) 

~ A R1-— Coso 
The force pulling the spheres together is pressure x area or ap 
plus the direct tension 2xrr at the edge of the film or 
F = oP + 2arr : Prater 

aRz[(Cose(1 + Cosé@) + 2Siné] (2) 


The maximum value of the parenthesis is 2.60 for é = Sin@ = 0.755 


or 6 = about 49°. For both @ = 0 and 6 = 90°, F = 2xRr which is 
about ? of its maximum value. When the voids in a mass of grains 
are entirely empty or filled with water cohesional forces drop to. zero 
and a lump of material “melts.” 

According to (2), the force acting between individual particles 
varies ditectly as their radius R if the proportional amount of wetting 


(7) remains constant. But the number of acess per unit area 


varies inversely as their cross section or as ;., hence the cohesional 


» 
force per unit area varies inversely as the diameter of the particles. 
Further, the number of layers in a unit cube varies also inversely as 
R, hence the aggregate cohesional force in a unit cube (pressure gra- 
dient) varies inversely as the square of the linear dimensions of the 
component particles. 
Some numerical examples may be of interest. Taking the angular 
fill 6 = 49° and the surface tension of water + = 72 - cynes._. F= 
centimeter’ 
590 R dynes. In Table 1 are given calculated values of F for R = 
0.01, 0.0001 and 10-* centimeters or R = 100, 1 and 0.01 microns, 
the range between fine sand and clay. One atmosphere = 1033200 
___ dynes 


pacar one A drying silt or clay is subjected to internal cohesive 
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pressure of these orders of magnitude and thereby acquires consider- 
able rigidity of form. The above theory indicates further that this 
internal pressure is nearly independent of the water content over a 
wide range. The finer clays are knowr to retain several per cent of 
water when heated even to 600—800°C, hence bonding by sintering 
‘and incipient fusion is likely to occur before a clay is released from 
internal pressure due to water. 

The cohesive pressures and pressure gradients deduced above are 
evidenced by many known facts and direct tests. Molding sand must 
be fairly fine and will not function when too dry or too moist nor when 
greasy. Experiments by the writer on powdered quartz 0.05 to 50 
microns in diameter and on glacial silt (from granite) 5 to 50 microns 
in diameter, show the phenomena of cohesion very nicely. The 
finer sizes alone show shrinkage on drying and swelling on wetting 


TABLE 1.—Vatuses or F 





COHESIVE FORCE . 
GRAIN RADIUS BETWEEN GRAINS COHESIVE PRESSURE PRESSURE GRADIENT 





atmospheres 

centimeter 
1 e 0.059 - 150 < 7500 “ 

0.01 " 0.00059 ‘‘ 15000 - 7.5 X 108 


100 microns | 5.90 dynes 0.015 atmospheres 0.75 














with water. In turpentine or other liquid which is but feebly ad- 
sorbed, the finer material behaves like coarse sand in water. In 
determining the densities of fine grains with a pycnometer, turpentine 
is used to avoid errors due adsorption of water. Powdered quartz 
under 0.2 micron in diameter, when suspended in water, exhibits the 
peculiar stratification so familiar in the case of bentonite in suspension. 
The finest quartz particles never settle but in a week or two hydrate 
to silicic acid and go into dialyzable solution. 

The volume of water in a film of radius r contained between two 
spheres of radius R is twice the integral from 0 to r of 27rRr(1 — Cosé)dr, 
or 


(3) Water volume = 27r°R — ; rR*(1 — Cos*@) 


from which the percentage of water may be readily computed for any 
particular case, the totai volume (relative) being that of the circum- 
scribed cylinder or 2rr?R. , 

An aggregate of fine and coarse particles together, when moist 
takes on the properties of the finer particles alone since each large 
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particle has high cohesion and rigidity within itself. The fine par- 
ticles act simply as cementing material. The proportion of fines 
need be only very small since their cementing function is limited to 
the very small volume in the immediate neighborhood of points of 
contact between larger particles. 

In a pile of sand or spheres in loosest packing (6 contacts), roughly 
half the volume is void. In closest packing (12 contacts) about } 
is void. Other things being equal therefore, with a given size of 
particle and given moisture content, packing will considerably increase 
the cohesion in a mass of particles by increasing the number of con- 
tacts. The effect of packing on molding sand may be due largely to 
such a cause. 

The relation between pressure (external and internal) and the specific 
volume or density of a granular solid or mass of solid grains is of 
considerable practical and geologic interest. A granular mass differs 
from a solid in being capable of indefinite shear and from a fluid in 
possessing a finite shear limit. The internal pressures deduced above 
for very fine particles moistened, are of the same order of magnitude 
as those derived by T. W. Richards* for numerous elements in the solid 
and liquid states. A formula similar in form to van der Waals’ 
equation of state might be expected to serve, the v — b of his equation 


being translated into pore space and the term > into internal cohesive 


pressures since we are dealing with grains instead of molecules. Data 
for determining constants for granular masses under load are very 
meager but some relations between porosity and depth in deep welk 
cores give a rough check with this formula or a still simpler one. The 
various relations between specific volume and related quantities are 
given below. " 
Porosity P= iuid yo lume P= 
total volume 

fluid volume 

— R 
solid volume 
he solid volume 
Solidity =! =‘ ytal volume = y 
mass _ a | 
volume _ specific volume 
, : mass of grains 
Do = grain density = + lume of grains 


Void Ratio R = 


Density D = 


3 Journ, Am. Chem. Soc. 48: 3063-3080. 1926. Also previous papers. 
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From these defining equations it follows that 


PV = RS = L 
D R 
P=RM = See 
1 1 
Poet 
P 
Th tookeonalt 
(l-P)Q+R)=1 
V 1 
1+kR= c= 
M=1-P. 


D. Mz: _Vi _ 1-—P2 _ 1+R8, 

Ds. Me Wee i, A Pe.. 4+ Re 
The term v — b of van der Waals’ equation becomes V — S = 
in the above notation, hence since S is constant, the modified equation 
is 








(p + p-)R = constant. 
For practical work on sedimentation as a function of time ¢ and load, 
the writer has found useful the simple dynamic formula 
log(Vo — Ve) — log(V— Va) = Cit + Ca(p + pe) 
in which V, and V.. are initial and minimum specific volumes and 
C; and C, are constants. 

When an aggregate of particles is completely immersed in water, 
surface tension effects are absent but the adsorbed layer of water 
remains intact. In this layer the maximum pressure is known to be at 
least 15000 atmospheres, which according to Bridgman is‘sufficient to 
compress water about 4. Hence the densities of fine particles, de- 
termined by the pycnometer method, are apparently higher when 
water is used than when a much less strongly adsorbed liquid such as 
benzol or turpentine is used. Both absorption pressure and heat of 
wetting are much lower for liquids of high molecular weight and large 
molecular diameter than for liquids having the opposite properties. 

The condensed adsorbed films on fine siliceous particles immersed 
in water should show a slight surface tension toward the adjacent 
uncondensed water tending to draw the particles together. Such a 
tendency is a matter of common observations. An old bentonite 
jelly has a perfectly definite surface and prints made in it remain for 
some time. Fine clay particles, immersed in water in a thin layer 
between glass plates, under a microscope, may be seen gathering 
together in clumps. These clumps finally gather together in threads 
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and ropes. This behavior affords a plausable explanation of the 
curved worm-like structure frequently observed in fine clays. Longi- 
tudinal shrinkage would cause such ropes to develop the transverse 
lamellar structure commonly associated with them. Cakes of fine 
dry silt, when ‘‘melted’’ in water, frequently break up into flakes or 
grains of quite uniform diameter and thickness, much harder than the 
lump and not yielding to water without mechanical assistance. Forms 
varying all the way from mere formless lumps to decidedly crystalline 
structures are met with in various fine grained materials. 
La Place in 1807 gave the expression 


1 1 
p+s(p +p) 
for the internal pressure at the surface of aliquid. S is surface tension 


(about 72 ——_~———— for water at ordinary temperatures). R, and 
centimeter 

R, are the two principal radii of curvature of the surface and P the 
value of the pressure for a plane surface (R, and R, both infinite). 
Since for a thin layer of water on silica P is of the order of 17000 x 

dy an , at least one R must be of the order of 10-* centimeter 
centimeter? 
or 0.01 micron in order that the S term may not be negligible. It is 
this size of particle that exhibits the most marked colloidal properties. 
100 times larger are the visible particles; 100 times smaller individual 
molecules. 

In later papers it is planned to deal with the hydration, solution 
and dehydration of such small particles and the molecular forces 
involved. 





PLANT CHEMISTRY.—The presence of free methyl salicylate in 
some American species of Polygala. Epcgar T. Wuoerry, 
Bureau of Chemistry.! 


In many works on plant chemistry? it is noted that certain members 
of the genus Polygala contain gaultherin, the glucoside which on being 
split by the appropriate enzyme liberates methy] salicylate. Except, 
however, for P. Senega and its variety latifolia,* (the latter sometimes 


1Published by permission of the Secretary of the Smithsonian Institution. Re- 
ceived January 29. 

?See GitpeMpIsTER and Horrmann, Volatile Oils, 1: 505. 1899; Kremers and 
James, Pharm. Rev., 16: 100. 1898. 

3 The nomenclature of BLaxe, North American Flora, 26: 305. 1924, is followed in 
this article. 
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erroneously assigned other names) no American species have been 
recorded as containing this glucoside, nor is it commonly recognized 
that by merely pulling the plant out of the ground sufficient methyl 
salicylate can be set free to cause the roots to exhale its characteristic 
odor, although the name ‘flowering wintergreen” sometimes applied 
to one of the more northern species, P. paucifolia, evidently refers to 
this feature. The following observations on a number of the species 
native to the eastern United States accordingly seem worth placing 
on record. 

My attention was first called to the matter in the course of searching 
for a suitable common name for this genus. The writers of botanical 
text-books, manuals, and flower-guides have manufactured names 
for it, which as might have been expected from the methods used, 
have never come intocommon use. The plan preferred by some name- 
makers is to change a letter or two in a technical name, it being 
apparently assumed that laymen like a name which is not identical 
with the technical one, be the change ever so slight. The application 
of this plan to the genus Polygala gives “‘Polygale,’”’ but why this 
should be considered easier to use, remember, or pronounce than the 
correctly spelled technical name is not clear. Another favored plan 
is to translate part or all of the technical name, and add a more or less 
familiar suffix to it. In the present case, the usual result of this pro- 
cedure is ““Milkwort.” Here the suffix is objectionable, at least for 
America, in that it has never attained the usage in this country that 
it has in England; and the root word is both non-significant, in that 
the syllable gal in the technical name was based on a misunderstanding, 
-and incomplete, the first part of the technical name being as important 
-as the second, so that the only correct designation on this basis is 
““Muchmilkwort.”’ 

Wortunately, it is not necessary to use either of these awkward 
-words, for a real common name, i.e., one devised by laymen, has been 
discovered. In the course of trips in the southern states, local people 
were found to be using for conspicuous members of this genus, besides 
the form-names ‘‘Thimbles,’’ “Buttons,” etc., the terms ‘“Candy- 
weed,”’ “Candy-root,” ‘Wintergreen,’ and even, quite mistakenly, 
‘“Peppermint.’”’ Inquiry as to the origin of this sort of designation 
led to:the information that it referred to the presence of a flavoring 
: Substance evident by its odor when the roots were pulled up, and by 
tasting, when chewed, like “wafer-candy” (hard disks made of com- 
pressed fine sugar, flavored with various essential oils, such as those 
-of peppermint, wintergreen, etc.). The most appropriate of these 
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first edition). 


That the flavoring substance concerned is methyl salicylate was 


TABLE 1.—MeEruyt SALICcYLATE IN POLYGALAS AS DETECTED BY THE ODOR AND TASTE 


OF THEIR Roots. 
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names for the genus as a whole would seem to be Candy-root, which 
may be suggested for adoption in the second edition of Standardized 
Plant Names (the unmodified technical name having been used in the 
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SPECIES AND AUTHOR 


WHERE STUDIED 


SOIL PREFERENCE 







AMOUNT 





alba Nutt. 

Baldwini Nutt. 

Boykini Nutt. 

brevifolia Nutt. 

cruciata L. 

cumulicola Small‘ 

Curtissii Gray 

cymosa Walt. 

grandiflora Walt. 

grandiflora angustifolia Torr. & 
Gray 

incarnata L. 

Lewtonii Small 

Lindheimeri Gray 

lutea L. 

mariana Mill. 

nana (Michx.) DC. 

Nuttallii Torr. & Gray 

paucifolia Willd. 

polygama Walt. 

ramosa Ell. 

Rugelii Shuttl. 

viridescens L. 

viridescens sanguinea (L.) Farwell 

Senega L. 

Senega latifolia Torr. & Gray 

verticillata L. 

verticillata ambigua (Nutt.) Wood 





Tex.-Okla. 
Fla. 

Fla.-La. 

N. J. 
Fla-La.-N. J. 
Fla. 

Va.-Md. 
Fla.-Miss.-Del. 
Fla.-Miss.-Ga. 
Ala. 


Fla.-Pa. 

Fla. 

Tex. 
Fla.-Miss.-N. J. 
Fla.-Md. 
Fla.-Ga. 

Va.-N. J. 

N. C.-Mich.-Me. 
Fla.-Ala.-N. J. 
Fla.-N. J. 

Fla. 
Fla.-La.-Md. 
Va.-Pa. 

Va.-Pa. 

Ark. 
Fla.-Ark.-Me. 
Va.-Pa. 





minimalkaline, dry 


mediacid, damp 


minimalkaline, dry 


mediacid, damp 
mediacid, wet 
neutral, dry 
subacid, dry 
mediacid, wet 
subacid, damp 
neutral, dry 


subacid, dry 
mediacid, dry 
neutral, dry 
mediacid, wet 
subacid, damp 
subacid, dry 
subacid, damp 
minimacid, dry 
subacid, dry 
mediacid, damp 
mediacid, damp 
subacid, damp 
subacid, damp 
minimacid, dry 
minimacid, dry 
subacid, dry 
subacid, dry 


























large 
large 
small 
large 
large 
large 
large 
none 
large 
large 


large 
large 
small 
large 
large 
large 
large 
large 
large 
large 
large 
large 
large 
large 
large 
large 
large 





readily recognized. ‘The question then arose as to whether any con- 
siderable number of members of the genus exhibited this feature and 
accordingly those encountered on field trips during the past few years,. 
amounting to about three-fourths of the known species of the eastern 
United States, have been repeatedly examined as to the odor and taste 
of their roots. The results are presented in the accompanying table, 


‘ Described since the publication of Blake’s article cited in footnote 3; according to: 
the plan of treatment followed in that article, it would probably be a variety o 


P. grandiflora Walt. 
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and, as will be seen, all but one of the 27 native species and subspecies 
which have been studied contain some substance from which methyl 
salicylate is readily set free. No laboratory studies have been made 
upon these, although there seems no reason to doubt that the glucoside 
gaultherin is the primary source. The one exceptional species, 
P. cymosa, has seeds rather dissimilar from those of the others in its 
section, and is probably not very closely related to them. 

There are three plants of other families, in which the same phe- 
nomenon can be observed, growing more or less commonly in the 
region covered, namely Sweet Birch (Betula lenta), Wintergreen 
(Gaultheria procumbens), and American Field-Violet, (Viola ra- 
finesquii). The presence of methyl salicylate in the last does not 
seem to have been hitherto recorded, but it is interesting to note that 
_some European violets are known to contain gaultherin, and possibly 
other American species may be found to do so. 





BOTANY.—The Central American species of Hydrocotyle. J. N. 
Ross and Paut C. Stanp ey, U. 8. National Museum. 


The genus Hydrocotyle is a small group of the family Apiaceae or 
Umbelliferae, widely distributed in both hemispheres, and in both 
North and South America. Although some species grow in the 
tropical lowlands, most of them are natives of the temperate regions, 
and in the countries lying near the equator the Hydrocotyles are best 
represented in the cool mountains. The Central American species 
have not been revised recently, and, indeed, a satisfactory treatment of 
them would have been impossible for lack of adequate material. 
Recent explorations in Central America, particularly in Costa Rica, 
have resulted in assembling a large number of specimens, so that it is 
now possible to understand the various forms represented in the region. 
Of the eight species which we have recognized from the Central 
American area no less than four appear to be new, and they are here 
described. It is altogether possibie that further exploration may 
reveal the occurrence of still other localized species, like H. ribifolia 
and H. Torresiana, each of which, although represented by several 
collections, is known from only a single limited locality. 


Key To Sp&cIEs 


Leaves peltate. 
§. __” RRR ER PRE atten tee teeing peraet ....1. H. bonariensis. 


t Published by permission of the Secretary of the Smithsonian Institution. Received 
January 29. 
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Umbels simple. 
Petioles glabrous; pedicels usually much longer than the fruit; lateral 


ribs of the fruit evident.....................02.. 2. H. umbellata. 
Petioles villous; pedicels shorter than the fruit; lateral ribs nearly 
Pe mere ce or riots wart ene 3. H. costaricensis. 

Leaves not peltate. 


Petioles glabrous; leaves deeply lobed, the lobes very obtuse. 
4. H. ranunculoides. 
Petioles villous or puberulent; leaves not lobed or, if lobed, the lobes acute. 
Leaves angulate-lobed, the lobes elongate, acute or acutish. 


5. H. ribifolia. 

a orbicular, not lobed or with very shallow, broadly rounded 
obes. 

Pee CUNNING 068 bb bis oe CEG ade SES 6. H. Torresiana. 


Flowers on evident pedicels. 
Peduncles densely puberulent; pedicels usually longer than the 


fruit, often several times as long............. 7. H. mexicana. 
Peduncles thinly villous; pedicels equaling or shorter than the 
SOD cts dic hiv bin'o6s cittilm chet Bie Bo Gag MEae <bay 8. H. Maxonii. 


1. Hydrocotyle bonariensis Lam. Encycl. 3: 153. 1789. 

GuaTEMALA: Lake Amatitlén, J. D. Smith 2200. Without definite 
locality, Watson 36a. 

PanaMa: Chagres, Fendler 132. 


2. Hydrocotyle umbellata L. Sp. Pl. 234. 1753. 

GUATEMALA: Laguna de Caldera, Voleén de Pacaya, Tonduz 476. Near 
Guatemala, Tonduz 813. Puerto Barrios, Deam 6013. Amatitlin, J. D. 
Smith 2668. San Lucas Tolimdn, Holway 190. Finca Sepacuité, Cook & 
Griggs 187. Santa Rosa, Heyde & Lux 3349. 

Satvapor: Ixtepeque, Standley 21458. Ateos, Standley 23366. 

Honpvuras: Amapala, Standley 20747. 

Nicaracua: Granada, Baker 621. 

Costa Rica: San José, Holway 259; Standley 32166. Rio Reventado, 
near Cartago, Standley & Valerio 49550. Las Céncavas, Prov. Cartago, 
Standley 35984. 

Panama: Valley of Rio Panduro, Killip 3577. Matachin to Las Cascadas, 
Cowell 356. 

In Costa Rica the plant is called “sombrerito,” in Salvador “lechuga.”’ 


3. Hydrocotyle costaricensis Rose, sp. nov. 

Stems very slender, creeping, elongate, sparsely villous with long whitish 
hairs or glabrate, the nodes 1-3 cm. long; petioles slender, 1-3 cm. long, 
densely retrorse-villous, at least above, with long white hairs; leaf-blades 
peltate, orbicular, 1-2 cm. broad, very shallowly crenate-lobate, the lobes 
crenate, the crenations few, broadly rounded, the blades glabrous on both 
surfaces; peduncles filiform, 5-10 mm. long, glabrous; flowers few, sessile or 
on pedicels less than 1 mm. long; petals pink; fruit didymous, nearly 1.5 mm. 
broad, emarginate at base and apex, turgid, nearly twice as broad as high, 
glabrous, obscurely tuberculate, the lateral ribs obsolete. 

Type in the U. 8S. National Herbarium, no. 1,180,225, collected on road- 
side bank near La Palma, Province of San José, Costa Rica, altitude 1,500 to 
1,700 meters, July 17, 1923, by William R. Maxon (no. 7902). The following 
additional collections may be cited: 

Costa Rica: Las Nubes, Standley 38402. Without definite locality, 
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Pittier 10353. Santa Maria de Dota, Standley 41572; Standley & Valerio 
43341. Between San Pedro and Curridabat, Standley 32810. San Sebastian, 
Standley 32747. Alto dela Estrella, Standley 39291. 

Panama: Balboa, a weed in garden, doubtless introduced, probably from 
the mountains of Panama, Standley 28563. 


Hydrocotyle costaricensis is closely related to H. pusilla A. Rich., a species 
of the West Indies and South America. The latter is distinguished by the 
villous upper surface of the leaves. 


4. Hydrocotyle ranunculoides L.f. Suppl. Pl. 177. 1781. 

Nicaracua: Without definite locality, C. Wright. 

Costa Rica: La Verbena, Standley 32220. Santa Maria de Dota, 
Standley & Valerio 44136. Rio Reventado, near Cartago, Standley & Valerio 
49626. 

PanaMA: Changuinola Valley, Dunlap 226. 

5. Hydrocotyle ribifolia Rose & Standl., sp. nov. 

Plants large and coarse, prostrate or widely creeping, the stems 30-100 
cm. long or more, with elongate internodes, copiously villous with long 
‘spreading hairs; stipules 4-5 mm. long, oval or broadly ovate, scarious, 
glabrous, the margins lacerate; petioles 4-13 em. long, villous with long 
slender spreading yellowish hairs; leaf blades pentagonal, 5-9.5 cm. broad, 
deeply cordate at base, with a deep narrow sinus, 5-lobate to about the middle, 
the lobes broadly ovate, acute or acutish,; shallowly lobate, the lobes irregu- 
larly crenate or crenate-serrate, rather densely villous on both surfaces with 
spreading yellowish hairs; peduncles very slender, 2.5-4.5 em. long, glabrous; 
flowers numerous, greenish, the pedicels filiform, 2.5-4 mm. long, glabrous; 
fruit 1.5 mm. long (one of the carpels usually abortive), shallowly emarginate 
at base and apex, glabrous, the lateral ribs slender but distinct. 

Type in the U. 8. National Herbarium, no. 1,253,273, collected in moist 
forest on Cerro de las Vueltas, Province of San José, Costa Rica, altitude 
3,000 meters, December 31, 1925, by Paul C. Standley and Juvenal Valerio 
(no. 43506). The following collections also represent the species: 

Costa Rica: Cerro de las Vueltas, Standley & Valerio 43749, 43799. 

This plant is very unlike anything known heretofore from North America, 
and it does not approach closely any South American species of which material 
is available. 

6. Hydrocotyle Torresiana Rose & Standl., sp. nov. . 

Plants slender, creeping, the stems 10-30 em. long, rooting at the nodes, 
with elongate internodes, sparsely villous with slender spreading hairs; 
stipules 2 mm. long, rounded or broadly ovate, scarious, whitish, glabrous, 
the margin irregularly dentate or lacerate; petioles 2-4 cm. long, slender, 
thinly villous with long slender spreading hairs; leaf-blades reniform-orbicular, 
1-2.5cm. broad, deeply cordate at base, with a V-shaped sinus, very shallowly 
5-lobate, the lobes broad, dentate with short ovate obtuse irregular teeth, 
short-villous on both surfaces with white hairs; peduncles slender, 1-2.5 
em. long, sparsely villous; flowers sessile or very nearly so, purplish, numerous; 
fruit heads globose, very dense, 4 mm. in diameter; fruit 1 mm. long, much 
broader than long, glabrous, the lateral nerves obsolete. 

Type in the U. 8. National Herbarium, no. 1,226,942, collected in potrero 
on the southern slope of Voleano of Turrialba, near the Finca del Volcan de 
Turrialba, Costa Rica, altitude about 2,400 meters, February 22, 1924, by 
Paul C. Standley (no. 34950). Nos. 35232 and 35105, from the same locality, 
represent this plant. 
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The species is named for Prof. Rubén Torres Rojas, in whose company the 
specimens were collected. 
7. Hydrocotyle mexicana Cham. & Schlecht. Linnaea 5: 208. 1830. 

GuATEMALA: Rio Negro, Depart. Quiché, Heyde & Lux 3350. Volcan 
Acatenango, Kellerman 5244, 4801. Volcdn Atitlin, Kellerman 5771; Hol- 
way 189. Coban, Tuerckheim 8688, 685. Between San Martin and Todos 
ae Nelson 3623. Volc4n Santa Maria, Nelson 3702. Near Secanquim, 

oll 156. 

Satvapor: Volcan de San Vicente, Standley 21488. 

NicaraGcua: San Rafael del Norte, Miller & Griscom 4, 53, 104. 

Costa Rica: La Palma, Mazon & Harvey 8063. Las Nubes, Standley 
38501, 38617, 38828, 38525. La Hondura, Standley 36175; Standley & 
Valerio 51902. Tuis, Tondus 11414. Cerro dela Carpintera, Standley 34312. 
Between Aserri and Tarbaca, Standley 34165, 41387. Los Ayotes, Standley & 
Valerio 45387. El Mufieco, Standley 33506; Standley & Torres 51255. La 
Estrella, Standley 39317, 39177. El Silencio, Valerio 56; Standley & Valerio 
44566. Laguna de la Chonta, Standley 42278. Santa Maria de Dota, 
Standley 42510, 41807, 42110. Pejivalle, Standley & Valerio 46740. Yerba 
Buena, Standley & Valerio 49968, 49797. Cerro de las Caricias, Standley & 
Valerio 52064. Quebradillas, Standley 42930. 

Panama: Above El Boquete, Mazon 5644. Cana, Williams 783. 

8. Hydrocotyle Maxonii Rose, sp. nov. 

Plants slender, creeping, with elongate internodes, the stems rooting at 
the nodes, glabrous; petioles slender, 3-15 cm. long, sparsely villous with 
long slender spreading white hairs; leaf-blades orbicular, 1-4 cm. broad, 
deeply cordate at base, with a narrow V-shaped sinus, sparsely villous on the 
larger nerves, sometimes glabrous on the upper surface, very shallowly 5- 
lobate, the lobes broadly rounded, distantly crenate; ‘peduncles slender, 
5-16 cm. long, often exceeding the leaves, villous with long spreading white 
hairs; flowers numerous, greenish, the pedicels 1-1.5 mm. long, glabrous; 
fruit heads very dense, globose, about 7 mm. in diameter; fruit 1.5 mm. wide, 
broader than long, somewhat obcompressed, broadly rounded or truncate at 
base and apex, glabrous, the lateral nerves slender but distinct. 

Type in the U. S. National Herbarium, no. 1,180,226, collected on stony 
wet roadside near La Palma, Costa Rica, altitude 1,500 to 1,700 meters, 
July 17, 1923, by William R. Maxon and Alfred D. Harvey (no. 8047). 
The following additional collections have been examined: 

Mexico: Choapam, Oaxaca, Nelson 864. 

GUATEMALA: Finca Mocca, Alta Verapaz, Johnson 54. 

Costa Rica: El Mufieco, Standley 33478; Standley & Torres 50906. La 
Palma, Standley 33160, 38218, 38112, 32891. La Estrella, Standley 39382, 
39169. La Colombiana, Standley 37302, 36694. Guépiles, Standley 37024. 
Pejivalle, Standley & Valerio 46838, 46782. La Hondura, Standley 37584, . 
36147; Standley & & Valerio 51904. Naranjos Agrios, Standley & Valerio 

46414. Hamburg Finca, Standley & Valerio 48834. Tuis, Tonduz 11413. 
San Pedro, Tonduz 17838. Quebrada Gata, Brenes 14450. Mountains of 
Candelaria, Feb., 1847, Oersted.. Rio Reventado near Cartago, Standley & 
Valerio 49562. 


Although closely related to H. mexicana, this plant is easily distinguished 
by the characters given in the key. The numerous specimens examined are at 
once referable to one or the other of the two species, and there are no inter- 
mediate forms. 
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PALEONTOLOGY .—The Occurrence of Lituonella and Coskinolina 
in America. JosEPpH A. CusHMAN, Sharon, Massachusetts.! 





In an earlier volume of this Journal, Woodring? noted the occurrence 
of the conical foraminifer Dictyoconus in Haiti and later described two 
new species and a new variety. These occur in the Middle Eocene, 
as does the genus in the Mediterranean region. Some years ago, 
in studying well-samples from Florida, I found both conical and more 
flattened foraminifera which seemed to belong to the Cretaceous genus 
Orbitolina and to certain other arenaceous ‘‘Buliminas” similar to 
species characteristic of the Lower Cretaceous. Since that time a 
more careful study of species of Orbitolina and of sections of the Florida 
specimens has convinced me that the determination of the latter as 
Orbitolina was incorrect and that the beds containing them are of 
Middle Eocene age. A year or more ago, in studying the essential 
characters of Lituonella and Coskinolina, I came to the conclusion that 
specimens from the Florida wells could be referred to both these 
genera. In addition the ““Buliminas” are now known to belong either 
to Valvulina or to a newly erected genus Arenobulimina,* which have 
affinities with Cretaceous species and, superficially at least, resemble 
them in many ways. Silvestri has erected a new genus Cushmania 
based on my Conulites americana from the Eocene of the Leeward 
Islands. This genus also appears to occur in the Florida well-samples. 
The relationships of these different genera are very interesting, as the 
following paragraphs indicate. 

Valvulina is triserial with a large aperture and a flattened tooth. 
The species in the material under discussion, which occurs below the 
Ocala limestone, is in the young flattened on the three sides and appears 
to be an ancestral form of Valvulina ocalana Cushman. 

In Arenobulimina the early stages are triserial; in the adult several 
more elongate chambers make up each whorl and the test broadens. 
Species of this genus also occur in the well-samples. 

Lituonella has the early stages like those in Arenobulimina but by 
acceleration these are passed through quickly in the development of 
the test. In the adult the chambers become discoid and the test is 
made up of a series of these disc-like chambers gradually increasing 
in size as each is added. The aperture is multiple, on the basal face. 
The later discoid chambers are labyrinthic but there seems to be no 

1 Received February 15, 1927. 


? This Journnat 12: 244-247. 1922. 
*Cusuman, Contr. Cushman Lab. Foram. Research 2(4): 80. 1927. 
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distinct division into a cortical and an interior set of chambers. At 
the apex of each specimen there is a miniature Arenobulimina. Speci- 
mens such as are figured by Schubert‘ occur in several of the Florida 
wells and do not seem to differ specifically from Lituonella liburnica 
(Stache), described from the Middle Eocene of the Istrian-Dalmatian 
coast. 

Specimens in the well-samples also seem to be identical with Cos- 
kinolina liburnica Schubert, from the Middle Eocene of the Istrian- 
Dalmatian coast. The early eccentric young stages are very well 
preserved in some of the specimens, and the general form and size is 
so close to Schubert’s species that there seems nothing to separate 
them. Sections show the same simple irregular arrangement of the 
interior chamberlets and, although the exterior when worn shows the 
radial division of the subsurface of the discoid chambers, there are no 
such definite divisions as occur in Dictyoconus or Chapmania and the 
walls are simple. 

Occurring with Coskinolina is a large species as much as 3 milli- 
meters in diameter, with the apex a sharp cone, the sides thence 
concave, and flaring at the base with the basal face convex. The 
peripheral portions of the chambers end in fine tubuli. The species is 
apparently the same as that from the Leeward Islands described by 
me as Conulites americana but to which Silvestri has given the generic 
name Cushmania and which should be known as Cushmania americana 
(Cushman). The early stages appear to have the chambers arranged 
as in Coskinolina and it is probable that it came from that genus, in 
which case the developmentai series would be: Valvulina—Areno- 
bulimina—Cribrobulimina—Lituonella—C oskinolina—Cushmania. 

In some of the wells at somewhat lower levels a species occurs which 
is much flattened and has a concave base. I take it to be Dictyoconus 
codon Woodring, already described from the Middle Eocene of Haiti. _ 
In this species the outer chambers are divided so that there are two 
layers of chamberlets in each chamber, a structural feature much more 
like that of Orbitolina than of the other genera already considered. 

Altogether this makes four genera of the conical foraminifera repre- 
sented in these Middle Eocene strata of Florida, two of which, 
Lituonella and Coskinolina, have previously been unknown in the 
Western hemisphere. 


‘ Jahrb. geol. Reichsanstalt 62: pl.10,f.10,11. 1912. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


GEOLOGICAL SOCIETY 


423D MEETING 














The 423d meeting was held at t!.2 Cosmos Club January 12, 1927, Presi- 
dent Burts presiding. The Secretary announced the election to active 
membership of W. N. Wuire and A. M. Pirer both of the U. S. Geological 
Survey, and also the resignation of Frank Tweepy and 8. W. Bryer. 

Program: Proressor J. HARLAN Bretz, University of Chicago: Chan- 
neled scabland and the Spokane flood. That part of the Columbia Plateau 
which lies north of Snake River in Washington bears a remarkable system of 
erosional and depositional land forms. They are extraordinary in their 
magnitude, in their extent and distribution, and unique in their relationships. 
Running water is generally conceded to have caused them but the unparalleled 
results indicate unparalleled conditions under which it acted. 

The channeled scablands constitute the erosional part of the record. They 
cover almost 2000 square miles, about 3 of the area of this part of the plateau. 
They are elongate tracts, oriented with the gentle dip slope of the under- 
lying basalt flows, mostly bare rock or with a thin cover of coarse basaltic 
rubble, commonly with canyons in them, and are bounded by steep slopes of 
the deep loessial soil of the plateau. They constitute a curious anastomosing 
pattern, the down-dip convergences inherited from an earlier normal drainage 
pattern and the divergencies, equally numerous, produced by crossing of 
divides of this older pattern. There are hundreds of tracts of the higher 
loess-covered areas in the scablands, from a fraction of a square mile to many 
townships in area, all discontinuous and bounded by the scabland areas. 
The steep marginal slopes in loess are in striking contrast to the gentle slopes 
of the older drainage pattern surviving within each isolated loessial tract. 
Canyons in the scablands are multiple and anastomosing, amazingly so in 
some tracts; deep canyons and shallow ones uniting and dividing in a labyrin- 
thine fashion about bare rock knobs and buttes unlike any other land surfaces 
on the earth. Certainly but few of these canyons are inherited from the 
older pattern. 

The scabland drainage was discharged from the northern glaciated portion 
of the plateau through ten openings into the loess-covered area and led thence 
by nearly one hundred different routes of varying lengths to nine discharge- 
ways into Snake and Columbia rivers on the south and west. The canyon 
plexus is the most striking feature of the scablands and probably is most sig- 
nificant of conditions of origin. These canyons are interpreted as channels, 
not valleys, hence the term “channeled scabland.”’ 

The depositional land forms associated with channeled scabland are chiefly 
great mounded masses of little worn basaltic gravel. They occur on the 
down-gradient side of eminences and in other protected places in the scab- 
lands, and in the Snake and Columbia valleys below the entrance of the 
scabland drainage routes. They are not eroded forms, they possess aggra- 
dational slopes and they inclose depressions or by their position aid in inclosing 
depressions between themselves and adjacent rock walls. All attempts to 
interpret them as dissected remnants of terraces or originally continuous 
gravel deposits have failed. They are gravel bars of huge size. - 
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~ brief summary concerning the more significant features and relationships 
follows. 

CANYONS OF THE SCABLANDS. Largely channels of huge rivers, eroded 
during the Spokane epoch. 

A—Rock basins in the canyons. Thousands of them. Commonly elon- 
gate with the canyons, generally constituting the canyon floor. Lengths 
as great as eight miles, depths as great as 200 feet. Some canyon floors 
essentially a series of rock basins. Formed by large vigorous streams plucking 
the columnar basalt. Inno other way can most of these basins be explained. 
Some are potholes at the foot of extinct waterfalls. 

B—Plexus grouping of canyons. Occur on crossings of divides of the older 
drainage pattern, the four largest groups ranging from 6 to 10 miles wide. 
Developed subfluvially like the high-water anastomosing channels of the 
present Columbia at the Dalles. Alternative explanation demands a remark- 
ably braided pattern of an eroding stream, with narrower strands in many 
cases cutting deeper than broader ones. 

C—Cataracts. Hundreds of extinct waterfalls, many of which during 
recession became wider, several two to three miles wide. Unless the record 
of very large streams, they should show the “horseshoe” concentration 
from any initially great width. 

AREAS SURROUNDED BY THE CHANNELED SCABLAND TRACTS. Residuals 
of a once continuous loessial cover, with maturely eroded drainage ways. 
100 to 200 feet of loess removed over large areas. 

A—Aligned scarps of loess facing the scablands. Slopes 30° to 35°. 
The bluffs left by undercutting of streams whose width was that of the adja- 
cent scabland, from half a mile to 15 miles. They truncate minor valleys 
of the older drainage pattern. 

B—Small isolated loessial hills on the scabland. Slopes as above indicated, 
with “prows’’ pointing up the scabland gradient. Some are miles from any 
other loess. Others, in groups, record abrupt introduction of a large volume 
of water which simultaneously entered several of the pre-Spokane drainage 
pos and eroded them to bedrock, leaving these remnants of the former 

vides. 

TRENCHED DIVIDES. Several remarkable cases where a canyon plexus has 
three or four closely spaced rock-basined gashes 200 to 400 feet deep across 
a divide, yet only one case where one of them cut deeply enough to divert 
subsequent drainage. Water must have been 100 to 300 feet deep above 
preglacial valley bottoms on the north to have crossed. No piracy nor 
headward erosion nor local drainage has been responsible. Good evidence 
that no post-Spokane uplift has occurred in these places. 

DEPOSITS ON THE SCABLAND AND IN SNAKE AND COLUMBIA VALLEYS. 
Discontinuous originally. Their features clearly record actual building of 
each individual deposit. Any explanation must start with this. 

A—Gravel chiefly. Pebbles little worn, 90 to 99 per cent basalt, un- 
weathered. 

B—High deposits, above brink of canyons 400 feet deep and at foot of 
loessial scarps, yet identical with other deposits down in the canyons. 

C—Bar forms, undissected, foreset bedding conforming to slopes where 
required by this hypothesis. Associated depressions as much as 50 feet deep 
where vigorous eddies existed. Some bars, 20 to 100 feet high, blocked 
subsequent drainage. 

D—Deltaic bar, 5 miles long and 200 feet thick in Snake and Tucannon 
valleys, with foresets dipping up these valleys from point of entrance of 
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scabland stream. In striking contrast with Snake River gravels imme- 
diately upstream, which are in 60-foot terraces, dissected and with large 
alluvial fans built out on them, and are composed of 90 to 95 per cent non- 
basalt, well-rounded gravel. 

E—Quincy structural basin. More than 15 townships covered with 
basaltic gravel in terrace-like and mesa-like forms. Channeled canyons 
tributary to and distributary from this settling basin. The forms, however, 
are bars, as field study has amply demonstrated. No interpretation as 
terraces will account for many significant relationships. 

ANASTOMOSIS OF ENTIRE SCABLAND TRACT ON THE PLATEAU. Contem- 
poraneous occupation of all scabland routes seems indicated. No evidence 
on glaciated tract of marginal drainage to supply, in turn, any one or two of 
ten entrances to the scabland during any conceivable shifting of ice edge. 
All channels seem to have headed on margin of the glaciated tract. Anasto- 
mosis due to the huge volume of glacial water and the abrupt introduction, 
thus flooding a multitude of minor drainage ways of the plateau and crossing 
a multitude of minor divides. Insufficient time for eroson of a few ade- 
quately capacious spillways. Debouchure into Snake and Columbia valleys 
at very different levels, indicating varying depth of different channelways 
and a lowering water-level in these valleys during the discharge. 

WatiuLa GATEWAY HIGH-LEVEL SCABLAND. A short narrow canyon 
south of junction of Snake and Columbia Rivers, 20 miles from nearest 
plateau scabland. Yet with same features of subparallel lateral canyons, 
rock basins, knobs and buttes as high on canyon walls as in the Snake and 
Columbia upstream. All scabland drainage passed through this canyon and 
the flood reached 900 feet above present river bottom, perhaps 650 feet above 
canyon bottom at beginning of Spokane episode. Constriction here caused 
the ponding recorded in lower scabland tracts on plateau and made possible 
the plexus crossings of divides. Erosion of Gateway canyon was rapid 
enough to lower the ponded waters while the scabland rivers were still 
running. No other conceivable cause of ponding is indicated elsewhere in the 
Columbia valley below the plateau. 

CoLuMBIA VALLEY BELOW WALLULA Gateway. For 150 miles a descend- 
ing series of scabland tracts and gravel deposits in Columbia valley. 

A—Bars in mouths of tributaries. Basalt gravel, ranging in height up to 
600 feet above the Columbia. Delta foresets which prevailingly dip back 
into tributary mouths. 

B—Portland delta, area 200 square miles, foreset-bedded throughout, 
basalt, gravel channels and great bars, remarkable eddy depression on up- 
stream side of a rock island in the delta. 

There are many apparently possible alternative explanations for the 
remarkable features of the preceding list. Virtually every one of these, 
when applied, involves exceptional combinations of factors and no one of them 
will explain more than one or two of the fifteen listed phenomena. Most of 
them have been tested in the field and rejected. These extraordinary fea- 
tures must be treated as a genetic system. Their assemblage on, and limita- 
tion to, this little corner of the globe cannot be coincidence, as required by 
alternative hypotheses. The only genetic interpretation yet proposed which 
is inherently harmonious and which fits all known facts is that of a great 
flood of water abruptly issuing from the Spokane icesheet. The unfilled rock 
esa gy gravel bars perched on their walls indicate abrupt cessation of 
this flood. 
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The cause of this Spokane flood is unknown. It may have been a 
“Jékullaup” or glacier flood produced by subglacial vulcanism but this 
hypothesis must stand or fall on field data not yet secured. (Author’s 
Abstract.) 

Discussion: W. C. ALDEN: Professor Bretz frankly points out the difficul- 
ties met in applying his explanation of the origin of the remarkable features 
of the Columbia plateau: It is not easy for one, like myself, who has never 
examined this plateau to supply offhand an alternative explanation of the 
phenomena. I have read Professor Bretz’s papers on the subject with 
great interest but I am left with the feeling that some things essential to 
the true explanation of the phenonena have not yet been found. The 
‘“‘channels’’ appear to be due to stream erosion. The main difficulties seem to 
be: (1) The idea that all the channels must have been developed simultane- 
ously in a very short time; and (2) The tremendous amount of water that he 
postulates as coming from the melting of the ice sheet in so short a time to do 
the work. It seems to me impossible that such part of the great ice fields as 
would have drained across the Columbia plateau could, under any probable 
conditions, have yielded so much water as is called for in so shortatime. It 
also seems as though the estimated capacity of the Wallula Gateway, when 
fully opened, is too great for this gorge to have served as a bottle neck to 
hold above it a flood of such dimension to the level called for in the explana- 
tion offered. It appears that ice sheets of three distinct stages of glaciation 
invaded the borders of this region and may have afforded conditions of 
repeated floodings of much smaller volume. It would seem that a more 
extended study of the glacial phenonena is required about the heads of the 
scabland ‘“‘channels’’ to determine, if possible, more exactly just what sort of 
glacio-fluvial discharge actually occurred. Perhaps the explanation of the 
phenomena does not actually necessitate contemporaneous development of 
all the “‘channels,’’ nor in so short a time. The problem would be easier if 
less water was required and if longer time and repeated floods could be 
allotted to do the work. The conditions of repeated glaciation in the basins 
of Clarks Fork and the Columbia are not yet well enough understood to 
afford very sure bases for postulations as to stream flow therefrom. It is 
important and highly desirable that means may be provided for a more 
extended study of the Pleistocene phenomena of these basins and of the 
adjacent mountains. 

JAMEs GILLULY: The question of the existence of a Spokane flood rests on 
the interpretation of many highly abnormal field facts. The evidence 
presented by Professor Bretz is assuredly convincing as to (1) the anomalous, 
indeed unique, drainage features of the Columbia Plateau, (2) their direct 
dependence upon glacial waters, and (3) the necessarily large volume of many 
of these streams. However, certain criteria used to determine the actual 
quantities of water involved appear somewhat questionable. Both Russell 
and Jenkins have recognized a ponded condition of the Snake River at Wallula 
Gateway, but Russell has attributed it to monoclinal deformation rather than 
to a flood, and, while Jenkin’s views are not clear, he presumably agrees with 
Russell. Presumably then, without definite evidence to negative this theory, 
scoured basalt at high levels here is not conclusive of a sudden deluge of 
Spokane waters. The overflow may well be much older than Spokane glacia- 
tion. The evidence presented by Professor Bretz to fix the Wallula cutting 
as Spokane and not earlier is the height of talus. In an article published in 
1925 he pointed out that ‘‘most of the talus (at Wallula Gateway) is higher 
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than three-quarters though some is typical.’’ Thus the date of the overflow 
is not fixed accurately as the date of the Spokane glaciation, even if we grant 
that the three-quarter talus criterion of age elsewhere applied by him is 
valid. 

This talus criterion, however, is very doubtful as an accurate time gauge 
on several counts: (1) The range in rainfall from point to point on the plateau 
is from 5 to 20 inches. If three-quarters talus is found at both places it 
appears then that the height is probably a relatively stable stage in topo- 
graphic development, rather than a measure of total elapsed time since the 
cliffs were formed. (2) The validity of the criterion depends on the assump- 
tion that all fragments falling from the cliffs remain in the talus heaps. This 
assumption is assuredly unwarranted, for in the formation of talus rock is 
disrupted into finer fragments, which waste by weathering and are subject to 
removal by wind and by even the most ephemeral streams. The Colorado 
Plateau offers numerous examples of cliffs which have retreated scores of 
miles yet still have verticai faces. Similar tendencies must prevail here, 
although basalt is decidedly more resistant than those sandstones. (3) 
The well known differences in rate of weathering of canyon walls dependent 
on their directional trends also give one pause in accepting uniform talus 
heights as more than a very rough measure of the age of cliffs. If the talus 
is of uniform height in both east-west and north-south canyons it strengthens 
still farther the suggestion that the three-quarters stage of talus is relatively 
stable, rather than a good time measure. (4) Even disregarding these three 
points which appear to me of great cumulative importance as tending to 
throw doubt on the validity of the talus age criterion and accepting Professor 
Bretz’s analysis, elapsed time since a cliff was formed varies as the square 
of the proportional talus heights. Seven-eights talus then means 49/36 
as great age (or 134 per cent) as three-fourths talus. Wallula Gateway, 
a narrow gorge for a great river, is likely to have had its talus sapped from 
time to time in its history, so that even granting that three-quarters talus is 
ordinarily valid as a time measure (which for the reasons stated above is very 
doubtful), the floodiig of the top walls of the Gateway is probably pre- 
Spokane, and the deepening of the canyon a much longer process than granted 
by Bretz. This idea is strengthened by considering the quantitative factor. 
According to Bretz’s old measurements the discharge at Wallula Gateway 
was 38.9 cubic miles per day, or over 50 times the present flood volumes of 
the Columbia and, proportionally to drainage basin, over 200 times as large 
as the greatest recorded floods of the Mississippi. Now he believes the water 
reached even greater height and hence must have produced a still greater 
flood. To explain this great flood without retreat of the ice front, he has 
suggested—(1) a very sudden climatic amelioration (only to rule it out as 
very improbable) and (2) that subglacial volcanism resulted in sudden 
melting of large quantities of ice which formed the flood. This mechanism 
is wholly inadequate as, even allowing most generous thermal properties for 
basalt and perfect efficiency of transfer of this heat for melting the ice, even a 
10-day flood would require 17 cubic miles of basalt or a layer about 9 feet thick 
over 10,000 square miles. Further computations show that the rate of 
cooling of basalt is so slow that if we assume the subglacial surface replaced 
by molten basalt it would require over 9,700 square miles of basalt exposure 
beneath the ice to produce only 350 cubic miles of water which would only 
maintain the flood postulated by Bretz for ten days. But the areal geology 
of the Columbia basin is sufficiently well known to completely eliminate any 
possibility of late Pleistocene volcanism of such magnitude. Even this 
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preposterously low estimate of flood duration is eliminated by the physical 
factors (such as resistance of basalt, depth of channels above Wallula re- 
ferred to that constriction and others) involved. How much less competent 
then, must we admit is the jokullaup hypothesis to furnish the tremendous 
flood volume postulated by Bretz. The incompetence of the postulated 
mechanism to furnish the flood volume required by Bretz’s interpretations 
of the field evidence seems to call for a reinterpretation of that evidence. 
That, as suggested by G. O. Smith, Meinzer, and Ferguson, such a reinter- 
pretation is apt to be considerably more complex than the suggested flood 
hypothesis, seems exceedingly probable. That the actual floods involved 
at any given time were of the order of magnitude of the present Columbia’s, 
or at most a few times as large, seems by no means excluded by any evidence 
as yet presented. 

Kk. T. McKniaut: Three dry coulees cut southwestward from the ‘“‘Othello 
channels’ at the east end of the Saddle Mountains in central Washington 
across the aggraded surface of the Ringold formation and debouche at varying 
elevations as hanging valleys along the White Bluffs of the Columbia. All are 
markedly U-shaped in cross section. The master channel of the three is 
Koontz Coulee which debouches at Ringold at an elevation of 150 feet above 
the river. It is 14 miles wide in its lower and better defined portion and its 
bed hes from 200 to 300 feet below the flat undissected Ringold plain which 
borders it abruptly on the northwest. In its upper half it has cut through the 
soft Ringold sediments and has exposed the underlying basalt in the form of 
scablands. The two remaining dry coulees are of comparable size, averaging 
less than half a mile in width and from 75 to 150 feet in depth, much smaller 
than Koontz Coulee. They head at essentially the same point in the west 
rim of Koontz Coulee, 10 miles above its mouth, at an elevation of 250 feet 
above its bed, and after following divergent courses reach the bluff of the 
Columbia at points 2 and 15 miles, respectively, above the mouth of Koontz 
Coulee and at elevations of 425 and 300 feet, respectively, above the Colum- 
bia. Both in turn show remnants of still shallower braided channels at 
higher levels, appearing as short shunts off of the primary channels. The 
southernmost dry coulee maintains its U-shape practically up to the point 
where its profile breaks off abruptly to the level of the Columbia; the enclosing 
walls of the northern coulee, on the contrary, begin to recede diagonally and 
to flatten at a point 5 miles back from the river so that the incised character 
of the coulee is soon lost, though the old drainage line can still be traced 
through to the bluff overlooking the town of White Bluffs. 

That all three of the dry coulees above described were produced under 
climatic conditions widely different from those prevailing at the present time 
is amply proved by the sage-covered depressions in the two smaller coulees, 
and by the scattered depressions in the upper regions of Koontz Coulee. Mr. 
Bretz has interpreted these dry coulees as the product of huge glacial torrents 
that emptied into the Columbia when its flood waters stood at or slightly 
above the levels of the present debouchures of the coulees. That these are 
at different levels is believed to be due to the different stages in which they 
were abandoned during the lowering of the flood of the Columbia, Koontz 
Coulee being the last one abandoned. The bed of the river at the time of 
this flood is believed to have been at essentially its present level. The 
writer believes that the three dry coulees were formed by glacial waters at a 
time when the Columbia lay several miles west of its present channel and 
have been converted into hanging valleys by the lateral shift of the river to 
the east against the soft sediments of the White Bluffs. That this lateral 
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shift is a reality is proved by the vigorous manner in which the river is at 
present undercutting the bluff, producing numerous land slides, and by the 
fact that the Ringold formation of pre-glacial Pleistocene age, has been 
largely removed by lateral planation from the region west of the river although 
it formerly filled the basin as far west and southwest as the Yakima and 
Rattlesnake ranges, 15 to 20 miles southwest. of the White Bluffs. The shift 
of the river is down the slope of the pre-Ringold basalt floor. Restoration 
of the profile of Koontz Coulee indicates that the Columbia lay 3 miles west 
of its present position when the coulee was formed. The two smaller coulees 
at the higher level are interpreted as distributaries formed when Koontz. 
Coulee lay at that level and abandoned after it had gained the mastery. 

It is believed that the explanation of Mr. Bretz is inadequate to explain 
(1) the fact that the two smaller dry coulees previously described, although 
heading at the same place, reach the White Bluffs above the Columbia at 
different elevations; (2) the fact that a V-shaped valley along the southern 
base of the Saddle Mountains, which was produced entirely by drainage off 
of the southern slope of the mountains, also forms a hanging valley 275 feet 
above the Columbia, although in this case, as with the northernmost glacial 
coulee, the south slope of the valley breaks back several miles from the river 
so that the lower course of the old drainage is almost obliterated. Mr. Bretz 
interprets the coarse stream gravels and cobbles that cover extensive areas 
west of the river at White Bluffs and Hanford as the debris of the Spokane 
flood. The writer believes them to be the normal channel deposits of the 
Columbia during its eastward shift over the area in pre-glacial, glacial, and 
post-glacial times. The features described in this summary appear on the 
Scootenay Lake, Hanford and Coyote Rapids quadrangles. 

G. R. MaAnsrFretp: Mr. Bretz cites the occurrence of numerous anastomos- 
ing channels, with associated rock basins, some of which are 8 miles or more 
long, carved in basalt to depths of 200 feet or more, and locally on some divides 
as deep as 400 feet; he notes the occurrence of hundreds of abandoned water- 
falls with ‘“‘potholes’’ at their bases, also in basalt, and speaks of the recession 
of some of these falls; and yet he ascribes all these phenomena to a single flood 
of relatively brief duration. Basalt is a hard rock and very resistant to 
corrasion, but it possesses a well known columnar jointing, which supposedly 
renders it susceptible to undermining and to plucking, and Mr. Bretz relies 
on this property to account for the unprecedented rapidity of erosion of the 
basalt which his hypothesis requires. Iam not convinced that so much work 
could be done on basalt in so short a time, even by such a flood as is postu- 
lated. The Dalles of the Columbia, which Mr. Bretz says are typical scab- 
land channels, and the various falls in Snake River, can furnish pertinent and 
definite evidence with regard to rapidity of erosion and of the recession of 
falls in basalt if systematic observations are carried on for a few years. It 
does not seem to me necessary to assume that all the scabland channels, or 
even that all parts of the same channels were occupied by water at the same 
time. Mr. Bretz notes that deep and shallow canyons unite and divide in 
labyrinthine fashion. Possibly some of the shallower channels were formed 
earlier than some of the others and now hang on the sides of more favorably 
located channels. Mr. Bretz based much of his argument for contem- 
poraniety of all the channel phenomena upon the relative heights of talus 
piles beneath basaltic cliffs along the canyon sides. Probably few, if any, 
direct observations are available regarding the rate at which talus piles in 
basalt may form. From such observations as I have made in basaltic country 
in the past fifteen years I should say that the rate is so slow that considerable 
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time intervals would fail to register significant differences. Such a measuring 
stick should not be applied too rigidly. Again contemporaneity of erosion 
can not well be assumed from the identity of materials composing high level 
and low level gravel bars. Since all the material, high or low, may be pre- 
sumed to have come from much the same general sources, identity is to be 
expected. Some differences in state of weathering might be looked for if the 
time interval between high level and low level deposits was great, but even 
here other factors such as texture and mineral composition of the rock frag- 
ments would enter in and mere differences in weathering would not be con- 
clusive. The general nature of the phenomena suggests conditions similar 
to those attending the ice front in New York State, where temporary channels 
and falls now abandoned were developed. Although these were temporary, 
geologically speaking, some of them appear to have persisted for long periods 
of years. The scablands seem to me better explained as the effects of per- 
sistent ponding and overflow of marginal glacial waters, which changed their 
position or their places of outlet from time to time through a somewhat pro- 
tracted period. Not enough is known in detail of the glacial geology and 
physiography of the region to furnish an adequate basis for any connected 
story of events here. The hypothesis of a single tremendous flood should not 
be accepted without further detailed regional study. 

O. E. Mernzer: I have seen only the part of the region under discussion, 
that including Quincy Valley, Grand Coulee, and Moses Coulee. As Doctor 
Bretz has stated, the erosion features of the region are so large and bizarre 
that they defy description. However, the Columbia River is a very large 
stream, especially in its flood stages, and it was doubtless still larger in the 
Pleistocene epoch. Its erosive work in the Grand Coulee and Quincy Valley, 
impressive though it is, appears to me about what would be expected from a 
stream of such size when diverted from its valley and poured for a long time 
over a surface of considerable relief that was wholly unadjusted to it. The 
dry falls in the Grand Coulee resemble Niagara Falls and are evidently the 
product of normal stream work. The deep gorge of the coulee below the dry 
falls was apparently excavated by the same orderly and long-continued proc- 
ess of head-end erosion as the gorge below Niagara Falls, and it could hardly 
have been produced in a short time by a flood of whatever magnitude. 
Quincy Valley, into which the waters of the Grand Coulee discharged, evi- 
dently became the scene of a lake in which sediments were deposited and which 
at first discharged westward into the valley of Columbia River, forming 
several cataracts that retreated some distance in normal fashion before they 
were abandoned. Later all the water was discharged through the present 
outlet, the lake was drained, and the stream cut into the sedimentary deposits 
in Quincy Valley to a depth of about 150 feet, forming a broad stream valley 
with a series of extensive terraces. All these were orderly and long-continued 
processes of erosion and sedimentation. The features of erosion and deposi- 
tion are indeed very impressive, but they are, I believe, of a kind and size that 
would be expected from so large a river as the Columbia must have been in 
the Pleistocene epoch. The rock-cut terraces of the Columbia River Valley 
also indicate a succession of long periods of stream erosion. The short 
gorges below the cataracts that discharged the overflow of the lake in Quincy 
Valley open upon a stream terrace that stands 900 to 1,000 feet above sea 
level and 400 to 500 feet above the present river level. The floor of Moses 
Coulee is continuous with a terrace 800 to 900 feet above sea level and about 

300 feet above the river. Though the evidence is perhaps not conclusive, it 
seems to me that the upper of these two terraces represents the floor of the 
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Columbia River Valley before the river was diverted to form the Grand 
Coulee and the lake in Quincy Valley, the lower terrace represents the floor of 
the Columbia River Valley at a later time when the Moses Coulee was cut, 
and the gorge below the lower terrace represents the later erosion work of 
the Columbia. 

Having seen only this part of the region, in which I believe the existing 
features can be explained by assuming normal stream work of the ancient 
Columbia River, I am naturally loath to accept a theory of an abnormal flood 
for the scablands farther east. Before a theory that requires a seemingly 
impossible quantity of water is fully accepted, every effort should be made to 
account for the existing features without employing so violent an assumption. 
I suggest that full weight be given to the following considerations, all of 
which have, of course, already received careful study by Dr. Bretz: 1. The 
Pleistocene Columbia was necessarily a very large stream, especially in times 
of flood. 2. Its waters were diverted over country of considerable relief 
that was wholly unadjusted to it. 3. Itis probably not necessary to assume 
that all of the region was channelled simultaneously. Is it not more probable 
that the water flowed successively over different tracts as the ice front 
changed? 4. Unless there is conclusive proof, it should not be assumed 
that along any drainage line the erosion work at high and low levels was done 
simultaneously. It would seem more probable that the work of erosion 
proceeded during a long time and that the high-level channels were abandoned 
as the stream cut down to lower levels. 5. Tilting and foiding of the rocks 
have in this region occurred in recent geologic time, probably during and 
since the cutting of the Pleistocene channels. For example, there seems to 
be evidence that the upper terrace of the Columbia River Valley has been 
deformed. This recent deformation may account to some extent for channels 
cut through ridges that can not otherwise be well explained except by as- 
suming excessive depths of flood water. 

J. T. Parpgs: Other things being equal, the amount of talus beneath a 
cliff would vary considerably according to whether the exposure faced toward 
or away from the sun. Disruption of the rock due to temperature changes 
and alternate freezing and thawing of water would be most effective on 
southern exposures. 

Dr. Bretz: Reply to Mr. Gilluly: There are old weathered gravels down 
in Snake River canyon both above and below the entrance of the scabland 
rivers, and much lower than the upper limit reached by the glacial waters in 
thiscanyon. The canyon therefore is older than the Spokane episode or any 
gravel deposits in the scablands, and a canyon at Wallula Gateway must have 
been there in pre-scabland time. I believe that the field evidence for this 
conclusion would convince any of my critics. Scabland and gravel up on the 
walls of the Gateway do not date back to the initiation of the canyon, and 
some sort of ponding must be provided. Without a ponding episode, the 
upper scabland must be older than the tributary canyons at the Gateway. 
But even the map shows how the glacial waters cut up the shoulders between 
the small tributary canyons already in existence. A pre-scabland floor of 
the Gateway about 200 feet above present river level is suggested by the 
hanging condition of Spring Gulch. Russell’s speculations on ponding in 
the Columbia Valley dealt with the berg-carried erratics, not with scabland, 
and called for a valley glacier down in the gorge at or near The Dalles, or for 
a subsidence of the entire region. I have believed that this second suggestion 
is correct. There is a possibility that final solution of the scabland problem 
will tie this berg-drift into the scabland story. Jenkins did not suggest any 
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disagreement with my bottle-neck hypothesis, though his article was avowedly 
a discussion of the ponding. There are certain to be differences in talus 
height because of local variations such as I have indicated in one of my 
papers. But where these differences are definitely traceable to local factors, 
such as variations in basaltic structures or spill of local runoff over the cliff 
or an active stream in the valley below or other conditions, it seems per- 
missible to so treat them and yet to draw generalizations. The blocky 
material on the surface of talus in the scablands indicates a rate of growth in 
excess of the rate of disintegration into fine material. Bryan has indicated 
this in one of his papers on Pedestal Rocks. Comparison with sandstone 
cliffs is hardly trustworthy. It is much more likely that talus accumulations 
in the scablands have been added to, rather than diminished, by wind action. 
And in the empty channels I do not believe that removal of talus material 
by any process has occurred in appreciable amount in post-scabland times. 
Furthermore, the unfilled basins of the channeled scablands, existing even 
close to the upper limits of glacial waters in Wallula Gateway, have lingered 
overlong for a region whose talus has reached a profile of equilibrium. I have 
not considered ‘‘equilibrium”’ attained until the talus covers the whole face 
of a cliff. A soil from disintegration of the basalt should cover a stable 
talus, and this is essentially lacking in the scablands or at the Gateway. 
The “jékullaup’”’ sub-hypothesis I never have defended and never shall, 
until adequate field evidence from the required volcanic tract is forthcoming. 
But must it be dismissed because of Mr. Gilluly’s computations? Are they 
conclusive? After indicating the untrustworthiness of figures, because of 
possible overlooked factors not represented in the computations, Gilluly 
moves into the very position I am scolded for taking. And the accounts of 
Icelandic jékullaup—are they merely early experiments in sensational 
journalism? Granting, however, that we must never again look toward 
subglacial vulcanism for a Spokane flood, must this close our minds to the 
flood hypothesis? I believe that my interpretation of channeled scabland 
should stand or fall on the scabland phenomena themselves. Perhaps, how- 
ever, my attitude of dogmatic finality is proving contagious. I am glad to 
have convinced Mr. Gilluly that the scabland high up on the Gateway walls 
is stream work. | anticipated a skeptical attitude on even this point, for it 
is an extraordinary place for seabland, by any hypothesis for the great system 
on the plateau north of Snake River. The only known records for pre- 
Spokane ice on the plateau are about Spokane and Cheney where there is a 
weathered till beneath the Palouse loess. The whole record of glacial waters 
across the plateau and through the Gateway is post-loess! I do not yet share 
Gilluly’s belief that pre-Spokane glacial waters are recorded in the Gateway, 
nor his confidence that the history can be diagnosed readily at long distance. 
Even a bed-side practitioner may err, I understand. 

Reply to Mr. McKnight: Undoubtedly the Columbia has undercut White 
Bluffs and thus shortened Koontz Coulee. But its eastward shift is not down 
the slope of a pre-Ringold basalt floor. The basalt is at least 100 feet below 
the river surface at Ringold, at the foot of White Bluffs. And Gable Moun- 
tain, a rugged eminence five miles long and at least 700 feet above the river, 
stands in the eastern half of the tract which the river, by this conception, has 
made by lateral planation. Jenkins thinks that the Ringold silt underlies 
the gravel of this wide part of the Columbia Valley. The 200-foot range in 
altitude of the gravel deposits about Gable Butte and Gable Mountain 
appears to be wholly in material of the same age. if the gravels of this part 
of Columbia Valley are normal affairs of valley or channel deepening, the 
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older and higher portions should lie successively farther west from White 
Bluffs. But no succession of terraces of different ages has been found; 
instead, the relief appears to be a matter of great bars and abandoned chan- 
nels with “holes” in them as low as present river level, all disposed with 
reference to the two basaltic interruptions as they should be if the entire 
valley at one time were a river bottom. While the main floor of Koontz 
Coulee hangs only 150 feet above the Columbia, three other glacial spillways, 
all within a mile and a half of the mouth of Koontz Coulee, hang 250 to 400 
feet above, and all have approximately the same gradient. If their profiles 
are projected, they will reach at least twice as far out into Columbia Valley. 
By Mr. McKnight’s explanation, there must have been as much lateral 
planation by the Columbia while the glacial waters were using Othello 
Channels as in all subsequent time. This projection of profiles assumes a 
Columbia River bottom, at about 500 feet A. T. at that time. How Othello 
Channels and its distributaries (Koontz, etc.) could have discharged across 
the Ringold flat at an upper limit of 1150+ while the Crab Creek syncline 
was undoubtedly an open route (for it also carried the glacial waters) to the 
capacious Columbia Valley is a puzzle for which I have found no answer 
save great volume and ponding at Wallula Gateway. If my information were 
limited to this district alone, I probably would not have arrived at present 
interpretations. It is in the remarkable interrelationships of the channeled 
scabland ensemble that the conception of a Spokane flood finds support. 

Reply to Mr. Mansfield: I have had no success in fitting the field evidence 
to the idea of shifting dischargeways across the scablands. I cannot get the 
glacial streams to cross at Palouse Canyon, Devils Canyon, etc., without a 
ponding farther down the Columbia, nor to cut the canyons or canyon 
groups at these separated places without maintaining all dischargeways while 
the ponded condition is being removed. A labyrinthine group admittedly 
records a succession of events in that the glacial river was drawn down from 
original wide spreading as the canyons were eroded. But such cutting 
apparently must be done while the Wallula ponding was being lowered, or 
else that ponding must be repeated for each successive epoch of occupation. 
Only the Moses Coulee and Grand Coulee-Drumheller Channels plexus groups 
would have developed without the backing up postulated. Mr. Mansfield’s 
idea of obtaining the rate of erosion of the basalt at The Dalles is excellent, 
but probably can be applied only to the features exposed at low water, and 
altered only during high water. The deeper and inaccessible parts of such a 
channel group should be the most rapidly changed. I hope that Mr. Mans- 
field and others of the United States Geological Survey will be able some time 
to study the channeled scablands in detail. These features should take their 
place in the literature as a group of land forms without parallel, and a genesis 
that can be agreed upon should be established. 

Reply to Mr. Meinzer: The erosion of Grand Coulee could not have taken 
a longer time than the sum of whatever glacial stream occupation it has had. 
The margin of the ice sheet must have remained within 35 miles of its maxi- 
mum advance in order to produce the Grand Coulee diversion. We may 
multiply whatever time interval this represents by different glaciations to get. 
a longer period but it does not seem possible to consider this canyon a normal 
product of long-continued stream erosion. The scabland plexus east of 
Grand Coulee, from Coulee City south to the Quincy basin, is certainly not a 
normal affair, for three pre-existing valleys were entered and much eroded by 
glacial waters from the north before deepening of the lower coulee occurred. 
sufficiently to contain the discharge. The lake sediments of Quincy Valley 
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lie beneath thick basaltic gravel deposits which are disposed, as in so many 
other places in the channeled scablands, in great mounds, several miles long, 
with gentle back slopes and side slopes that are constructional profiles. These 
are separated by three wide channels of contemporaneous origin, leading 
from Crab Creek and Grand Coulee across the basin to Drumheller Channels. 
My earlier interpretations were that these channels (Moses Lake lies in one 
of them) were dissected out of a once-continuous gravel fill, but many features 
could not be harmonized with this, and I have been trying the Spokane Flood 
idea since. Several years ago Mr. Meinzer suggested to me that tilting or 
some other adequate cause had diverted discharge from The Potholes and 
Frenchman Springs cataract to Drumheller Channels, and I have tried since 
to apply this in the field. But I cannot find any evidence to support it. 
The rock terraces of Columbia Valley to which Mr. Meinzer refers were there 
in present development when the Flood occurred. The prominent one at the 
Potholes alcove rises northward along the Columbia about 300 feet in four 
miles. The surface of the southern part of it, below about 1250 A. T., is 
typical scabland and has a sharply defined cliff back of it. The northern 
part, above the level of the flood as indicated by upper limits in all three 
spillways out of Quincy basin, carries no such record and has no bare rock in 
the cliff back of it. Slope of the cliff and talus, which is soil covered to the 
very top, indicate a much older feature. As Professor Davis would say, the 
cliff in its southern part has been “‘refresht.’’? This northward rise of the rock 
terrace is due to the warping in Babcock Ridge, a low anticlinal into which 
the Columbia has cut its valley. That rock terrace was here, in its present 
warped condition, I think, before the glacial discharge occurred. The close 
approximation of upper flood limit on this terrace, in the two cataracts 
named and in Drumheller Channels seems to indicate that no warping com- 
parable to what the terrace shows has occurred since the glacial flood. This 
is also the upper limit of scabland in Wallula Gateway. The upper limits in 
such widely spaced features as Othello Channels, Devils Canyon and Snake 
River Canyon do not vary more than 100 feet from 1250. There is, of course, 
no precise marker in the topography for upper limits, for most of these features 
are river-bottom forms, but I do not think my figures miss it by more than 
100 feet. Such coincidence of altitudes as I have indicated is remarkable if 
different episodes are involved or if the region has been warped since Spokane 
time. Moses Coulee below Three Devils abandoned cataract has 200 feet 
or more of debris, mostly gravel, on the rock floor which therefore is as low as 
in Columbia Valley at the junction of the two valleys. 

W. P. Wooprine, W. W. Rusey, Secretaries. 


SCIENTIFIC NOTES AND NEWS 


The Washington section of the American Institute of Mining and Metal- 
lurgical Engineers met at the Geological Survey on March 25. D. F. 
Hewett gave an illustrated talk on Some impressions of European metal 
mines; and a pense on Mining practices in central Europe, by M. VAN SICLEN, 
was read in the absence of the author. The work of American Engineering 
Council was discussed, and resolutions were passed recommending that 
apo the Institute rejoin the council or authorize its constituent sections 
to do so. 
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In connection with the annual meeting of the American Geophysical Union 
there will be an exhibition of geophysical instruments, research problems, © 
methods, and results at the National Academy and Research Building, from 
Friday, April 22 to Friday, April 29 inclusive, (except Sunday) between the 
hours 9 a.m. and 5 p.m. 


Erratum.—On page 183 of the preceding number the sentence regarding © 
a lecture for the public on climatic factors should be replaced by the following. © 
In the program for general assembly on the afternoon of April 29, there will ~ 
be a symposium and discussion on Some factors of climatic control. 


The annual meeting of the American section of the International Union ~ 
of scientific radiotelegraphy is to be held on April 21 at 10:30 a.m. in the 
building of the National Research Council. A number of papers on scientific © 
radio subjects will be presented. The principal feature of the meeting will 
be the presentation of reports of the following technical committees: 
Methods of measurement and standards, J. H. DELLINGER; Radio wave trans- 
mission phenomena, L. W. Austin; Variations of radio wave direction, G. 
Breit; Wave phenomena above 3000 kilocycles, A. H. Taruor; Atmospheric — 
disturbances, H. T. Friis. 


Dr. F. C. Brown has resigned as assistant director of the Bureau of Stand- — 
ards, to take charge of the organization of the recently established Museums — 
of the Peaceful Arts, in New York City. 


Dr. N. L. Bowen of the Geophysical Laboratory, Carnegie Institution of 
Washington, has been delivering a series of lectures on petrology at Princeton 
University. The topics treated include fractional crystallization, the reac- 
tion principle, variation diagrams, liquid immiscibility in silicates, ultra- — 
basic rocks, olioine basalts, and glassy rocks. 


RESOLUTIONS 


The following resolutions on the death of Professor Leon .PrirRe : 
MANOUVRIER were adopted by the AcapEMY. 


Whereas: On January 18 death overcame Professor LrEon PibRRE 
Manovvrier, for several decades. the Secretary and Professor of the Paris © 
Ecole d’Anthropologie, Director of the Laboratoire d’Anthropologie de 
l’Ecole des Hautes Etudes, Sub-Director of the Physiological Laboratory of © 
the Collége de France, and unquestionably the dean of Physical Anthro- 
pology in France. 

And whereas: In MANouvrieER French science and anthropology in general 
lose one of their foremost representatives, a man of great talent and one of 
unselfishness, with sterling honesty and character. Men of such qualities 
are born but rarely. , 

Resolved: The Washington Academy of Sciences expresses regret at the 
passing of its distinguished colleague and joins with his co-workers in France 
in paying tribute to his scientific achievements. The Academy also con- 
= with the members of Professor Manouvrier’s family in their personal 
oss. 
Resolved: That a copy of the resolution be sent to the Ecole d’Anthro- © 
pologie de Paris and to Madame MANOvvVRIER. 








